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Abstract 

In October 1992, the Central Valley Project Improvement Act (CVPIA) was 
signed into law. One objective of the CVPIA was to restore the abundance of natural fish 
stocks in Central Valley rivers and streams. To achieve this objective, the CVPIA 
required the development of restoration actions that ensure sustainable, long-term 
populations of native anadromous fish stocks. Section 3406@)(16) of the CVPIA 
specifies the development of a monitoring and assessment program to evaluate the 
effectiveness of implemented restoration actions. The Comprehensive Assessment and 
Monitoring Program (CAMP) was established for this purpose. The CAMP program 
recommends monitoring of both adult and juvenile fish populations. Adult monitoring 
was recommended to include spawner returns (escapement), as well as in-river 
recreational, ocean recreational and commercial harvest estimates. 

In 1998, the California Department of Fish and Game (Department) created the 
Central Valley Salmon and Steelhead Harvest Monitoring Project to help enumerate the 
number of adult Chinook salmon and steelhead resulting fiom natural production in 
Central Valley Rivers and streams. The Project's objective was to determine annual 
estimates of the total in-river harvest of salmon and steelhead. In addition, this project 
would provide limited harvest data on other anadromous and resident sport fish species. 

In 2002, the fifth year of the project, the Department conducted an angler survey 
on the Sacramento, American, and Feather rivers between January 1 and December 3 1, 
2002. Due to budget constraints, the Monitoring Project focused on rivers that had 
significant angler effort for salmon and steelhead. A total of 41,148 anglers were 
surveyed with an estimated 3,059,685 angler-hours spent sport fishing. Chinook salmon 
were the target of most anglers, while striped bass were the second most-targeted species. 
Anglers fishing for salmon expended an estimated 1,870,023 hours during the season. 
Striped bass anglers expended an estimated 524,394 hours. Angling hours for steelhead 
were estimated at 1 16,833. 

Anglers fishing for Chinook salmon harvested an estimated 1 10,887 and released 
47,099 salmon in 2002. Striped bass anglers harvested an estimated 18,434 and released 
103,492 striped bass. The majority of steelhead anglers practiced catch-and-release 
fishing in 2002; the total estimated harvest was 1,612, whereas an estimated 17,939 
steelhead were caught and released. 
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The Central Valley Project (CVP) was initially scribed in the early 1930's as a 
master plan to curtail flooding in the Central Valley of California and to provide stable 
sources of water for California's increasing needs. Finalized in 1935, the first work 
began on the Contra Costa Canal in 1937 and the last planned dam in the project was 
completed in 1979. Significant projects included the Shasta Dam and the Tehama-Colusa 
Canal; just two of 20,reservoirs and over 500 miles of canal in the project. 

By the 1960's, it was becoming clear that some of the State's fisheries were no 
longer sustainable. Hit especially hard were anadromous stocks, notably Chinook salmon 
and steelhead. Projects like Shasta Dam and the Red Bluff Diversion Dam blocked 
access to spawning grounds and created migration barriers. Population counts fiom the 
1960's though the 1990's showed marked declines in salmon stocks on the Sacramento 
River. 

As governing bodies recognized that the CVP was a major contributor to the 
decrease in anadromous fish stocks, the Central Valley Project Improvement Act 
(CVPIA) was enacted in October 1992 to reverse these trends. It amended the original 
CVP to include fish and wildlife protection and restoration as new functions. The 
CVPIA called for long-term sustainable yields and a Comprehensive Assessment and 
Monitoring Project (CAMP) to assess the effectiveness of CVPlA restoration actions. 
Monitoring would include annual escapement surveys, aerial redd surveys, real-time 
juvenile monitoring, and in-river harvest estimates. The Anadromous Fish Restoration 
Program (AFRP), also created by the CVPIA, established goals to double Central Valley 
fisheries over the average baseline from 1967 through 1991. The CAMP projects were 
developed to assess whether CVPIA actions accomplished the AFRP goals. 

In 1998, the California Department of Fish and Game (Department) created the 
Central Valley Salmon and Steelhead Harvest Monitoring Project (CVSSHMP) to 
estimate the harvest of Chinook salmon and steelhead in Central Valley rivers and 
streams. The project was to determine annual estimates of the total in-river harvest. In 
addition, this project would provide limited harvest data for other anadromous and 
resident sport fish species. Information collected fiom the project could then be used to 
guide management practices so that AFRP goals may be met. The 2002 report marks the 
fifth year of this program on the Sacramento River and its tributaries. 



Methods 

Study Area 

The study area consisted of 377 miles of the Sacramento, American and Feather 
rivers (Figure I). This study area was divided into 13 sections ranging from 1 to 56 miles 
in length (Table 1). Demarcation points of the sample sections were selected to facilitate 
ease of sampling during the course of the year and to firther stratify the study to increase 
sampling accuracy. 

Statistical Design 

A stratified random sample design, modeled fiom the study used by the 
Sacramento River System Sport Fish Inventory (Wixom, 1995) was used to estimate the 
in-river harvest during the daytime sport fishery. 

A total of thirteen sections were sampled. Sample sections ranged in length from 
4 to 56 river miles. Two sample sections, representing unique fisheries, were 
approximately one river mile in length. Sampling schedules and data summaries were 
compiled on a monthly basis. Months were arbitrarily chosen as sample periods. 

All sample sections were surveyed eight randomly-selected days per month; four 
weekdays and four weekend days. Weekdays and weekend days were placed in separate 
strata due to the increase in angling effort commonly associated with weekend days. 
Sampling frequencies for each section were recorded and tabulated in Appendix A. 





Table 1. Description of Sections Surveyed, January 1, 2002 - December 31, 2002 

River Miles 

1 281 to 298 1 8.0 1 Deschutes Road Bridge to ACID Dam at Redding 1 18 1 

144 to 199 

200 to 242 

243 to 280 

Section 
Number 

1 523 1 10.1 1 Hazel Avenue Bridge to Nimbus Dam I I I 

Sacramento RiverlDelta 

5 0 

6.0 

7.0 

American River 

I Feather River I 

Description 

13 to 59 

60 to 89 

90 to 143 

500 to 504 

505 to 522 

Distance 
@ides) 

Colusa lo Hamilton City (Hny. 32 Bridge) 

Hamilton City to Red Bluff Divmion Dam 

Red Bluff Diversion Dam to Deschutes Road Bridge 

For each section surveyed, a random start time and launch location were chosen 
using a random sample generator in Microsoft Excel 2000. Start times were classified as 
either early or late. An early start time was scheduled to begin %hour after sunrise; 
whereas a late start time would vary depending on the section length and time of year. 
Late start times were scheduled so the survey would end at or near sunset. Launch 
locations were located at either the upstream or downstream boundary of the survey 
section. In those sections where kayaks were used, the launch location was always at the 
upstream boundary of the section. 

2.0 

3.0 

4.0 

56 

43 

38 

400 to 438 

439 to 458 
460 to 467 

459 

All data collected were linked by river mile. Each river was given a unique 
number series to identify it from other rivers in the database. Actual river miles were 
used for the Sacramento River sections. Tributaries were assigned unique number series 
to prevent duplication of river mile values. The number series assigned to each tributary 
were as follows: Feather River - 400 series; and American River - 500 series. River mile 

4 

18 

9.0 

10.0 

Rio Vista Bridge to mouth of American River 

American River to Knights Landing (Hwy. 113 Bridge) 

Knights Landing to Colusa (River Rd. Bridge) 

Discovery Park to Interstate 80 Bridge 

Inlerstnte 80 Bridge to Hazel Avenue Bridge 

11.0 

12.0 

12.1 

48 

29 

54 

Vemna to Sunset Pumps 

Sunset Pumps to Feather River Fish Hatchery 
(excluding Thcrmalito River outlet) 

Thcrmalito River Outlet (only) 

39 

28 

1 



designations were marked in ascending order from downstream to upstream. Therefore, 
anglers observed between river mile 200 and 201 were recorded as fishing at river mile 
200. Gamin GPSmap-162" cartographic global positioning system (GPS) receivers and 
Lowrance Global Map 2000" receivers were used to identify angler location. Gamin 
MapSourceQ topographic quadrants, complete with river mile locations for all sampled 
waters, were loaded to the Gamin GPS units to simplify location identification. 
Lowrance GPS receivers were loaded with IMS SmartMapQ NA-CA-C cartridges by LEI 
Extras, Inc. 

All sample sections were surveyed by kayaks, drift boats or power boats. Kayaks 
and drift boats were used in shallow upstream reaches while power boats were used in 
rivers where tides, wind and waves demanded the use of more seaworthy boats. 

Three field data sets were required to calculate angler use and catch estimates; 
hourly counts, angler counts, and angler interviews. Hourly counts determined the 
portion of the whole represented by a sample day's angler count. For this survey, hourly 
counts collected by Wixom (1995) were used. 

On each sampling day, a high speed pass of a randomly-selected river section was 
conducted. This first pass was called the angler count. Data collected during the angler 
count included the time of angler observation, their location by river mile, the number of 
boats, the number of boat anglers, and the number of shore anglers. Start and finish times 
for the angler count were recorded to note time of day for hourly count purposes, namely, 
what fraction of the daily fishing pressure did the angler count represent. At the end of 
the angler count, a return pass was made to conduct angler interviews. Prior to the start 
of angler interviews, the survey crew determined the feasibility of interviewing all 
anglers observed during the angler count. If it was determined that this was not feasible, 
every fl angler was interviewed. Once an ?@ angler interval was chosen, that interval 
was maintained throughout the entire section for that survey date. Data collected during 
each interview included: angler location by river mile, fishing method (boat or shore), 
number of hours fished to the nearest quarter-hour, number of anglers in group, target 
species, zip code, whether the trip was completed, and the number of fish kept andlor 
released by species. 

Nine sport fish species found in Central Valley rivers were considered target 
species. Those species were: Chinook salmon, steelhead, rainbow trout, striped bass, 
sturgeon (all species), American shad, catfish (all species), sunfish (all species), and 
black bass (all species) (Table 2). If anglers did not indicate they were fishing for a target 
species, the code 'ANY' was used. 



The number of fish kept and released was recorded separately for each of the nine 
target species. All other fish species caught were recorded separately by species in a 
column labeled, 'Other'. 

A length measurement was used to differentiate between steelhead and rainbow 
trout. All rainbow trout 18" or greater were considered to be steelhead. Rainbow trout 
less than 18" were recorded as rainbow trout (McEwan, 1998). 

Additional data were collected from five of the nine target species when kept by 
anglers. The five species were: Chinook salmon, steelhead, rainbow trout, striped bass 
and sturgeon. Each fish was measured to the nearest K centimeter and inspected for any 
marks or tags. A total length measurement was taken on sturgeon, whereas the fork 
length was used on all other species. All chinook salmon and steelhead caught were 
inspected for the presence of an adipose fin. A salmon or steelhead missing an adipose 
fin indicated the fish was of possible hatchery origin and likely contained a coded-wire 
tag (CWT) in its snout. All heads were removed from adiposeclipped fish and sent to 
the Department's Ocean Salmon Project Laboratory in Healdsburg for later extraction 
and analysis. 



Table 2. Species symbols, common and scientific names of target species observed In the  
2002 Angler Survey, January 1 through December 31, 2002. 

Target Species Common 
Family Species Symbol Name Scientific Name 

Oncorhynchus tshawyrcha Salmonidae: Chinook KS 
Salmon 
Steelhead SH 
Rainbow RT 
Trout 

King Salmon 

Steelhead Trout 
Rainbow Trout 

Oncorhynchus mykiss 
Oncorhynchus mykiss 

Morone saxntilis Moronidae: Striped Bass SB Striped Bass 

Acipenseridae: Sturgeon ST White Sturgeon 
Green Sturgeon 

Acipenser b-ansmontanus 
Acipenser medirostris 

Alosa sapidissima Clupeidae: American Shad AS American Shad 

Ictaluridae: Catfish CF Channel Catfish 
White Catfish 
Brown Bullhead 
Black Bullhead 

Ictalurus punctatus 
Ameiurus catus 
Ameiurus nebulosus 
Ameiurus melas 

Bluegill 
Redew Sunfish 
Green Sunfish 
Black Crappie 
White Crappie 

Lepomis macrochirus 
Lepomis microlophus 
Lepomis cyanellus 
Pomoxis nigromaculalus 
Pomoxis annularis 

Centrarchidae: Sunfish SF 

Largemouth 
Smallmouth 
Spotted 

Micropterus salmoides 
Micropterus dolomieu 
Micropterus punctularus 

Black Bass BB 

Other: Any Species ANY The 'ANY' designations was used for anglers 
who indicated they were not fishing for a specific 
species. 



Estimate Calculations 

Sample day estimates for angler-hours were created by dividing the observed 
angler count by the average hourly count within the respective hour interval. The mean 
of the sample days within a stratum was expanded by the number of days available in the 
month to obtain the total for the stratum. For each month and section, weekend and 
weekday strata were combined for total estimated angler-hours as follows: 

TOTALAH, = total angler-hours (the subscript 'i '  denotes the stratum containing 
a particular combination of section and month). 

ALLWDi and ALLWE, = number of weekdays and weekend days, respectively 
available in the month. 

WDAVGi and WEAVG, = mean of expanded sample-day angler-hours for 
weekdays and weekend days, respectively. 

Angler hour estimates were assigned to each species by multiplying the total 
angler-hours by the observed percent distribution of effort for each target species: 

TOTALAHSP, = TOTALAH, * FISHHRSb 

TOTALAHSP,, = estimated angler-hours (subscript 'i '  denotes the stratum 
containing a particular combination of section and month, subscript 'j' denotes target 
species). 

TOTALAH, = total angler-hours (the subscript 'i' denotes the stratum containing 
a particular combination of section and month). 

FTSHHRSij =the ratio of the sample total angler-hours for species 'j' divided by 
the sample total angler-hours for all species in section and month 'i'. 

Catch-per-unit-effort (CPUE) was calculated from the sample total number of fish 
caught divided by the sample total hours fished for each target species within the selected 
month and section 'i'. The catch rate was assumed to be the same for all days of the 
week. Separate values were calculated for harvested and released fish. Therefore: 

CPUE,, = catch-per-unit-effort for harvested or released target species. 



SUMFISHU = total observed number of fish harvested or released. 

SUMHRSij =total observed angler-hours expended to catch and release a target 
species. 

Catch is the product of the estimated angler-hours and CPUE for target species, 
section, and month selected, where: 

CATCHlj = TOTALAHSPlj * CPUE, 

CATCH, = Estimated catch for a harvested or released target species. 

TOTALAHSPij = estimated angler-hours (subscript ' i '  denotes the stratum 
containing a particular combination of section and month, subscript 'j' denotes target 
species). 

CPUEi, = catch-per-unit-effort for harvested or released target species. 

Results and Discussion 

Angler surveys were conducted on the Sacramento, Feather and American rivers 
between January 1 and December 3 1, 2002. All rivers were not sampled during the entire 
year. Sections 9, 10, 10.1, 11, 12 and 12.1 were not sampled during January due to 
inadequate funding. Sections 5 and 8 were not sampled from February 1 through June 
30,2002 due to inadequate staffing. Sections 6 and 7 were not sampled during June, as 
new creel clerks were being recruited and trained. Sections 13 and 14 were surveyed 
from March 1 througb May 3 1,2002. 

Additional data points from the 2003 sampling season are included in Appendices C and 
D of this report. Staffing problems and budget cuts disrupted normal sampling in 2003. 
Only three data points for the Sacramento River between Rio Vista and Redding were 
collected in 2003, representing harvest estimates for the months of January, February and 
July. 

In 2002, our fifth year of surveys, a total of 41,148 anglers were interviewed that spent an 
estimated 3,059,685 hours sport fishing. Chinook salmon were the target of most angler 
efforts, with an estimated 1,870,023 hours expended during the season. Striped bass 
were the second most-targeted species, with 524,394 estimated angler-hours. Anglers 
targeting steelhead spent an estimated 116,833 hours for the areas surveyed. 



Salmon anglers were estimated to have harvested 110,887 Chinook salmon in 
2002. This represents the highest harvest observed by this project since 1999, when 
93,150 Chinook salmon were estimated to have been harvested (Figure 2). As observed 
in previous surveys, the Sacramento River carried the majority of the Central Valley in- 
river harvest, followed by the Feather and American rivers. The Sacramento River 
contributed 54,091 salmon (49%), whereas the Feather and American rivers contributed 
33,460 (30%) and 23,336 (21%), respectively, to the 2002 in-river harvest. 

Figure 2. Central Valley Chinook Salmon Harvest Estimates 

Chinook Salmon 

The Sacramento River Chinook salmon season opened on July 15,2002 and 
continued to the emergency closure on December 3 1,2002. Peak effort varied 
throughout the seven survey sections. From the American River confluence to Red Bluff, 
the peak effort occurred between the months of September and October (Figure 3). 
Section 2, from Rio Vista to the American River confluence experienced higher effort, 
relative to other Sacramento River survey sections. Effort above the Red Bluff Diversion 
Dam began following the removal of the diversion gates on September 15, and later 
peaked during mid-October. 



-t Rio Wsta-American 

-&American-Knights 

Knights-Colusa 

Colusa-HarnCity 

+ HamCityRed Bluff 

-+- Red Bluff-Anderson 

Figure 3. Estimated Angling Houn for Chinook Salmon in the Sacramento River, 2002 

Estimated harvest followed the estimated effort closely for the Sacramento River. 
The Sacramento River between the American River confluence and Red Bluff saw peak 
levels of harvest between September and October (Figure 4). Section 2, ffom Rio Vista 
to the American River confluence experienced high levels of harvest, relative to other 
sections, which was associated with the angling effort expended in October and 
November. Section 7, located above the Red Bluff Diversion Dam, observed peak 
harvest during mid-October. Harvest prior to opening the diversion gates on September 
15 was minimal, as anglers do not target this section in large numbers until the gates are 
lifted. 

+ Rio VistaAmerican 

-e American-Knights 

Knights-Colusa 

Colusa-HamCity 

++ HamCity-Red Bluff 

1 -+-Red Bluff-Anderson 

Figure 4. Estimated Harvest of Chinook Salmon from the Sacramento River, 2002 

Salmon season on most areas of the Feather River opened on January 1,2002 and 
closed on October 15,2002. The area from Honcut Creek to the mouth was open year- 
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round, but the majority of the salmon effort occurred above this point. Effort began 
during mid-May, with a few anglers observed as early as April, and continued to the 
upstream closure dates in late September and mid-October (Figure 5). Downstream areas 
of the Feather River (Live Oak to the mouth) did not experience levels of fishing effort as 
observed in the upstream sections. Peak fishing from Live Oak to Oroville occurred from 
July through September. The Thermalito Outlet, which represents a special fishery due 
to concentrated high levels of effort, experienced peak effort from September through 
October. The Thermalito Outlet was estimated to endure higher levels of fishing pressure 
than the entire Feather River from Live Oak to Oroville. 

Estimated Chinook salmon harvest on the Feather River began during May and 
continued through December (Figure 6) .  Peak harvest occurred during slightly different 
periods on the three survey sections. Sections 11 and 12 peaked in September, whereas 
section 12.1 peaked in August. Section 11 observed peak harvest approximately one 
month following peak effort. Section 12.1 saw peak harvest coincide with peak effort; 
however, the peak harvest continued well beyond the period of peak effort. 

- 

-t SacRiw-Lie Oak 

-c Thermalito Outlet I 

Figure 5. Estimated Angling Hours for Chinook Salmon in the Feather River, ZOO2 
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Figure 6. Estimated Harvest of Chinook Salmon from the Feather River, 2002 

Salmon season on the American River was open during various times of the year, 
according to location (please refer to the 2002 California Code of Regulations, Title 14. 
Natural Resources for exact dates). Effort began in June and continued through 
December (Figure 7). Downstream areas fiom Discovery Park to the Interstate 80 Bridge 
experienced the lowest relative effort, as compared to upstream areas. From the 
Interstate 80 to Hazel Avenue, peak effort was observed during November. This section 
also was estimated to have the most effort. Upstream of Hazel Avenue to Nimbus Dam, 
peak effort occurred earlier in the year during September. 

- 

-r-- M0 - Hazel Aw 

Figure 7. Estimated Angling Hours for Chinook Salmon in the American River, 2002 

Harvest estimates on the American River closely mirrored the observed effort. 
Estimated harvest began in June and continued through December fiom Hazel Avenue to 
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Nimbus Dam (Figure 8). Downstream, fiom Hazel Avenue to Interstate 80, peak harvest 
occurred in November. The area fiom Interstate 80 to Discovery Park was estimated to 
produce the lowest level of harvest on this river. 

r-- 1-80 -Hazel Ave 

Hazel Ave - Nimbus Dam 

Figure 8. Estimated Harvest of Chlnook Salmon from the American River, 2002 



Steelhead 

Anglers targeting steelhead during the 2002 sampling season expended an 
estimated 116,833 hours fishing the Sacramento, Feather, and American rivers. Of the 
19,551 steelhead estimated to be landed; 1,612 were kept and 17,939 were released. 
Effort on all three rivers was focused during the winter, spring, and fall months (Figures 
9-1 1). Steelhead were not generally targeted during the summer months, except for the 
light relative effort on the Feather River (Figure 10). 

1.600 ma---r . . _  --.----- ,,.. .. ...-.. 
I! 1,400 :w---w.yv +- Rio 

$ 3:s --- Sacramento-Knights 

800 Knights-Colusa 3 600 

$ 2% Colusa-HamCity 

0 - Hamcity-Red Bluff 
1 -+- Red Bluff-Anderson 

L+ ~ n d e r s o n - ~ e d d i n ~  

'igure 9. Estimated Angling Hours for Steelhead Angling in the Sacramento River, 2002 

f Live Oak 
- t Live Oak- 

Oroville 
Thermalito 
Outlet 

Figure 10. Estimated Angling Hours for Steelhead in the Feather River, 2002 

Effort on the Feather and American rivers was much higher than that observed on 
the Sacramento River (Figure 12). The Sacramento River effort was centered in the 
sections above Colusa; being focused between Hamilton City and Red Bluff during most 
of the year. River mile 271, the confluence of Battle Creek and the Sacramento River 
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Figure 11. Estimated Angling Hours for Steelhead In the American River, 2 0 2  

also experienced a moderate effort. However, the American and Feather rivers carried 
the majority of the Central Valley steelhead effort with 59,309 and 47,537 hours 
expended, respectively. This accounted for 91% of the estimated total effort for all three 
rivers. 

Steelhead landings were estimated to be most numerous on the American and 
Feather rivers. The Sacramento River produced a lower relative catch than its sampled 
tributaries. Although a higher number of steelhead were estimated to be caught on the 
Feather River, most of the actual harvest occurred on the American River, as anglers 
fishing the American River kept a greater number of landed steelhead. 

2 3 4 5 6 7 8 9 10 10.1 11 12 12.1 
--Sacramento Ri~er- -American- -Feather- 

Section 

Figure 12. Estimated Number of Steelhead Harvested, Released and Angler-hours Expended 
for the Sacramento, Amerlcan and Feather rivers, ZOO2 
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Estimated Harvest, Released and 
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